INTRODUCTION {#s1}
============

Stretching is a common intervention performed during rehabilitation[@r1]^)^. Stretching techniques are used as therapeutic purpose to increase flexibility of muscles and to improve range of motion[@r2],[@r3],[@r4],[@r5]^)^.

Flexibility of hamstrings is important for general health and physical fitness[@r6], [@r7]^)^ and which is improved by stretching[@r8],[@r9],[@r10],[@r11],[@r12],[@r13]^)^. Hamstrings is bi-articular muscle, made up of long head of the biceps femoris, semimembranosus and semitendinosus muscles, and originates from the ischial tuberosity and inserts to the tibia and fibula. The action of hamstrings is extension of the hip joint and flexion of the knee joint[@r14]^)^.

Many stretching techniques are being used for hamstrings flexibility, including static stretching, dynamic stretching (e.g. ballistic stretching) and pre-contraction stretching (e.g. proprioceptive neuromuscular facilitation techniques[@r1], [@r15], [@r16]^)^. The most widely used method for hamstrings is static stretching, positioned in flexion of the hip joint and extension of the knee joint, which stretches both the origin and insertion of target muscle[@r11], [@r17]^)^.

Medical stretching (MS) was, first described by Niwa et al., a new method of the stretching technique focusing on bi-articular or multi-articular muscles[@r18],[@r19],[@r20]). MS in which either the origin or insertion of bi-articular or multi-articular muscle is relaxed while the other is stretched and is equally effective as static stretching as well as a useful technique that can stretch the target muscle without decreasing muscle strength and causing pain[@r19],[@r20],[@r21],[@r22],[@r23],[@r24],[@r25]^)^. MS for Hamstrings in hip and knee flexed position causes relaxation of the insertion and stretching of the origin of hamstrings[@r19], [@r20]^)^. There are two types of MS for hamstrings. Those are conventional medical stretching (CMS), in which the opposite limb is placed in closed position (flexion, adduction and neutral rotation of the hip joint and extension of the knee joint) and new medical stretching (NMS), in which the opposite limb is placed in opened position (flexion, abduction and external rotation of the hip joint and flexion of the knee joint). Both CMS and NMS are performed by self-stretch in sitting position on bed by flexing the hip and knee plus dorsiflexion of the ankle on the stretched limb. The duration of stretch is one to two repetitions of 20--30 seconds stretches[@r20]^)^. Most of the previous studies on MS used one to two repetitions[@r18], [@r21],[@r22],[@r23]^)^ while one study used five repetitions[@r25]^)^. The duration of stretch was 20 seconds in some studies[@r18], [@r21],[@r22],[@r23]^)^ and 30 seconds in the other studies[@r25], [@r26]^)^. Both CMS and NMS target on stretching of Hamstrings and gastrocnemius at the same time. The deviation or displacement of muscle tendon transition of the gastrocnemius muscle occurs during MS[@r20], [@r27]^)^. The amount of displacement on different duration was reported that 77.6% of the displacement was occurred around 10 seconds after dorsiflexion of the ankle, 93.5% and 95.9% around 20 seconds and 30 seconds respectively, thus that study recommended that the duration of stretch was necessary to perform 20--30 seconds[@r27]^)^.

Hamstrings flexibility can be examined using many different tests, including the finger floor distance (FFD) test[@r5], [@r28], [@r29]^)^. The existing studies commonly reported on the effects of CMS and comparison of CMS to other types of stretching. The studies on the effects of NMS is limited to our knowledge. Thus, the purpose of this study was to compare immediate effects between NMS and CMS techniques on hamstrings flexibility.

SUBJECTS AND METHODS {#s2}
====================

Thirteen healthy adult males (age: 20.0 ± 1.2 years, height: 172.3 ± 8.4 cm, weight: 66.0 ± 13.0 kg, BMI: 22.1 ± 2.5 kg/m^2^), with FFD less than 0 cm and without known history of musculoskeletal and neurological impairment in the spine or lower extremities within one year, voluntarily participated in this study. The subjects were provided detailed information regarding the purpose and procedures of this study by both verbal and written explanation before participation. They had the right to refuse participation and withdraw from this study at any time after participation. The subjects had to sign written informed consent in accordance with the ethical procedures of Physical Therapy department and International University of Health and Welfare following the principles outlined in the Declaration of Helsinki.

The study design was randomized two-period crossed over design. The subjects were randomly allocated to either NMS-CMS group or CMS-NMS group by lot drawing. For NMS, the subject was instructed to perform maximum flexion of the hip and knee joints and dorsiflexion of the ankle joint, on the stretched limb while the opposite limb is placed in opened position. The subject was instructed to clasp both hands under the sole of foot, pull up the foot without losing heel contact on the bed and pull the knee towards his chest as close as possible. The stretch was hold for 30 seconds once, and performed twice for each side of lower extremity. The subject had to perform for both lower extremities (total two minutes, only one session for one day). For CMS, the procedure and time of the stretch was the same except the position of opposite limb in closed position and placed totally on bed. The interval between two techniques was one week.

FFD was measured at the pre-intervention and post-intervention (immediately after MS). For FFD measurement, the subject was instructed to stand on the footplate of FFD measuring instrument (Takei 5403 Digital Standing Trunk Flexion Meter, Takei scientific instruments Co., Ltd., Tokyo, Japan). The subject needed to stand with the heels kept together and big toes five centimeters apart, put the fingertips on the cursor of instrument and bend the body gradually forward without bending the knees, so that the cursor was pushed downwards. The value at the point on the scale corresponding to the upper surface of the cursor was read and recorded. The measuring range of the instrument is from −20.0 to 35.0 cm.

In order to compare the mean values of FFD between two groups at the pre-intervention and post-intervention, the data was analyzed using two-way repeated measures ANOVA. The mean values of FFD between the pre-intervention and post-intervention for each group was measured using paired sample t test. The significant level was set as p\<0.05. The tests were performed in IBM SPSS Statistics version 22.0 for Windows.

RESULTS {#s3}
=======

The FFD measurements at pre- and post-interventions are shown in [Table 1](#tbl_001){ref-type="table"}Table 1.Values of FFD in NMS and CMSNo.NMS\
FFD (cm)CMS\
FFD (cm)Pre-interventionPost-interventionDifferencePre-interventionPost-interventionDifference01--0.72.73.4--2.42.04.402--10.8--0.99.9--10.8--5.05.803--16.4--10.55.9--13.1--8.34.804--9.6--1.97.7--16.2--11.25.005--11.1--4.66.5--12.1--8.23.906--9.3--5.24.1--9.9--7.52.407--17.4--1.915.5--10.9--2.48.508--8.8--5.53.3--9.0--7.11.909--7.4--1.85.6--3.4--2.11.3103.46.93.5--0.13.73.811--5.51.46.9--4.71.96.612--4.30.75.0--5.20.35.513--14.0--3.810.2--16.3--5.011.3FFD: finger floor distance, NMS: new medical stretching; CMS: conventional medical stretching; Difference: Difference between Pre-intervention and Post-intervention. The results of the tests of within-subjects effects and the paired sample t test are shown in [Table 2](#tbl_002){ref-type="table"}Table 2.Comparison of FFD between NMS and CMSNMS\
FFD (cm)CMS\
FFD (cm)Pre-intervention--8.61 ± 5.89--8.78 ± 5.21Post-intervention--1.88 ± 4.34^\*\*\*\#^--3.76 ± 4.71^\*\*\*^Difference6.73 ± 3.48^\*\*^5.02 ± 2.72Mean ± SD. FFD: finger floor distance; NMS: new medical stretching; CMS: conventional medical stretching; Difference: difference between pre-and post-interventions. \*\*\*p\<0.001, Significant difference between pre- and post-interventions. \#p\<0.05, Significant difference between post-interventions of NMS and CMS. \*\*p\<0.01, Significant difference of the "Difference" between NMS and CMS. The results indicated that the main effect of treatment (NMS & CMS) was not significant (p\>0.05) but the main effect of time (pre-intervention and post-intervention) was significant (p\<0.001), and the interaction of treatment and time was significant (p\<0.05).

According to the comparison of mean difference values of pre- and post-interventions between NMS and CMS, the difference was significantly higher in NMS (p\<0.01).

DISCUSSION {#s4}
==========

This study compared immediate effects of NMS and CMS on hamstrings flexibility and the results showed that both techniques were effective to increase flexibility of hamstrings. The results of this study concurred with the existing studies that had reported effects of stretching, including MS, on hamstrings flexibility.

Niwa et al. reported that one to two repetitions of 20 seconds stretches of MS for hamstrings on each side of lower limb was effective to increase range of motion of knee joint and improve the limited knee extension in elderly subjects with osteoarthritis of knee joint[@r18]). Inami et al., 2006, compared effects of two stretching techniques for hamstrings on its flexibility and strength of it in healthy old (mean ± SD: 64.1 ± 8.9 years) and young (mean ± SD: 23.0 ± 2.1 years) subjects. They compared Bob Anderson stretching, in which same position as static stretching, and MS, in which flexion of both the hip and knee in long sitting position, i.e. CMS position. They informed that significant improvement on hamstrings flexibility, measured as sit and reach test, was found in both Bob Anderson stretching and MS in all subjects after stretching but no significant decrease in muscle strength was found after MS although there was significant decrease in muscle strength after Bob Anderson stretching[@r21]^)^. Inami et al. also stated the similar results in 2007 that there was not significant decrease in dynamic muscle contraction force of hamstrings after MS when compared to static stretching in young healthy males from one university soccer club[@r22]^)^. Niwa et al. described that the flexibility of hamstrings, measured as sit and reach test after CMS, and as FFD after NMS, was improved after MS[@r20]^)^. Ohtsuki and Suzuki recounted that FFD significantly improved after stretching of hamstrings in subjects with chronic low back pain[@r28]^)^. Hasebe et al. reported that significant improvement of FFD was found in their study of the effect of dynamic stretching on Hamstrings flexibility with respect to the spino-pelvic rhythm[@r29]^)^.

Thus, both NMS and CMS techniques can be recommended for clinical practice in which flexibility of hamstrings is required.

The limitations of this study were: 1) the sample size was small, 2) there was no control group, 3) the subjects were young, healthy and only males, and 4) the effect was focused only on immediate effect. Further studies are still needed to find out comparison of sustained effect or effects after long-term intervention of both NMS and CMS techniques on hamstrings flexibility and effects of both techniques in different types of population.

In conclusion, the results of this study revealed that both NMS and CMS techniques were effective on hamstrings flexibility in different ways. The findings of the comparison indicated that NMS technique was more effective to increase the flexibility of hamstrings.
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